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ABSTRACT
We use the GALEX data of the GUViCS survey to construct the NUV luminosity function of the Virgo cluster over ∼ 300 deg.2, an
area covering the cluster and its surrounding regions up to ∼ 1.8 virial radii. The NUV luminosity function is also determined for
galaxies of different morphological type and NUV − i colour, and for the different substructures within the cluster. These luminosity
functions are robust vs. statistical corrections since based on a sample of 833 galaxies mainly identified as cluster members with
spectroscopic redshift (808) or high-quality optical scaling relations (10). We fit these luminosity functions with a Schechter function,
and compare the fitted parameters with those determined for other nearby clusters and for the field. The faint end slope of the Virgo
NUV luminosity function (α = -1.19), here sampled down to ∼ NUV = -11.5 mag, is significantly flatter than the one measured in
other nearby clusters and similar to the field one. Similarly M∗ = -17.56 is one-to-two magnitudes fainter than measured in Coma,
A1367, the Shapley supercluster, and the field. These differences seem due to the quite uncertain statistical corrections and the small
range in absolute magnitude sampled in these clusters. We do not observe strong systematic differences in the overall NUV luminosity
function of the core of the cluster with respect to that of its periphery. We notice, however, that the relative contribution of red-to-blue
galaxies at the faint end is inverted, with red quiescent objects dominating the core of the cluster and star forming galaxies dominating
beyond one virial radius. These observational evidences are discussed in the framework of galaxy evolution in dense environments.
Key words. Galaxies: clusters: general ; Galaxies: clusters: individual: Virgo; Galaxies: evolution; Galaxies: interactions; Galaxies:
ISM; Galaxies: star formation;
1. Introduction
The environment plays a fundamental role in shaping galaxy
evolution. Since the seminal work of A. Dressler in the eighties
it became evident that galaxies in rich environments are sys-
tematically different than those located in the field. They are
generally quiescent ellipticals and lenticulars, in contrast to the
dominant population of star forming disc galaxies along the
cosmic web (Dressler 1980; Binggeli et al. 1988; Whitmore
et al. 1993; Dressler et al. 1997). At the same time it became
clear that the physical properties of the star forming systems in-
habiting rich environments such as clusters and groups are also
systematically different than those of their isolated analogues,
⋆ Table A.1 is available in electronic form at the CDS
via anonymous ftp to cdsarc.u-strasbg.fr(130.79.128.5) or via
http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/
with a reduced gas content and activity of star formation (e.g.
Boselli & Gavazzi 2006).
Several physical processes have been proposed to explain
the origin of these differences. They can be divided in two
main families, those related to the gravitational interactions
between galaxies or with the potential well of the cluster (tidal
interactions - Merritt 1983; Byrd & Valtonen 1990, harassment
- Moore et al. 1998), and those exerted by the hot and dense
intracluster medium on galaxies moving at high velocity within
the overdense region (ram pressure stripping - Gunn & Gott
1972, viscous stripping - Nulsen 1982, thermal evaporation -
Cowie & Songaila 1977, starvation - Larson et al. 1980). These
processes might start to become active well before galaxies
entered rich clusters because these large dynamically bounded
structures have been formed through the accretion of smaller
groups of galaxies (pre-processing; Dressler 2004).
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The identification of the dominant environmental process
affecting galaxy evolution can be done through the statistical
comparison of the physical properties of galaxies in a wide
range of densities, from the core of rich clusters, compact and
loose groups, down to the field, cutting the studied samples in
slice of redshift to trace the time-evolution of the effects. Indeed,
these processes act on different timescales and are characterised
by efficiencies that depend on the density of galaxies and of
the intergalactic medium, the velocity dispersion within the
structure, and the mass of galaxies. The identification of the
perturbing process can also be done through the comparison of
the radial and kinematic properties of the perturbed galaxies
with the predictions of tuned models and simulations.
Thanks to its proximity (∼ 17 Mpc, Gavazzi et al. 1999; Mei
et al. 2007) and to its unrelaxed structure indicating its still un-
dergoing formation, the Virgo cluster has become the ideal target
in the local universe for the study of the effects of the environ-
ment on galaxy evolution. The advent of large panoramic de-
tectors made possible the observations of the whole Virgo clus-
ter region in the optical bands by the NGVS survey (Ferrarese
et al. 2012), in the 21 cm HI line by ALFALFA (Giovanelli et
al. 2005), and in the infrared by Herschel (The HeViCS survey,
Davies et al. 2010). We have recently completed a UV survey
of the cluster over ∼ 300 deg.2 using the GALEX space obser-
vatory (the GUViCS survey; Boselli et al. 2011). UV data are
of particular interest to trace the content and distribution of the
young stellar populations in late-type galaxies (e.g. Kennicutt
1998; Boselli et al. 2009), while the one of very evolved stars
in quiescent systems (O’Connel 1999; Boselli et al. 2005a). For
these reasons the UV data are critical to trace short-term varia-
tions in the star formation activity of late-type systems as those
encountered in galaxies freshly infalling in rich clusters (e.g.
Boselli et al. 2006, 2008a,b, 2014a,b; Hughes & Cortese 2009;
Cortese & Hughes 2009). The UV data extracted from this sur-
vey have been recently published in Voyer et al. (2014), and the
study of the physical properties of Virgo cluster galaxies derived
from a multifrequency analysis in Boselli et al. (2014a). In two
other companion papers we presented the study of the extrapla-
nar star formation activity of a few gas stripped galaxies in the
cluster (Boissier et al. 2012), and of the diffuse Galactic emis-
sion of the UV scattered light in the Virgo direction (Boissier
et al. 2015). In the present work we derive and study the UV
luminosity function of the Virgo cluster and its surrounding re-
gions. This work is thus an extension of the study presented in
Boselli et al. (2011), where the UV luminosity function was de-
rived only for the central 12 deg.2. The luminosity function is a
statistical tool widely used to study the mean properties of large
samples of galaxies. Often used in other wavelengths domains, it
has been derived at rest frame in the GALEX UV bands only for
the general field (Wyder et al. 2005) and for a few other nearby
clusters (Coma, Cortese et al. 2008; Hammer et al. 2012; A1367,
Cortese et al. 2005; Shapley, Haines et al. 2011). Compared to
these previous works, the UV luminosity function derived from
the GUViCS survey has the major advantage of including a sig-
nificant larger number of objects with direct redshift measure-
ments, of sampling a much wider range in galaxy density, from
the core of the cluster out to the periphery (∼ 2 Rvir), and of in-
cluding the dwarf galaxy population (NUV . -11.5 mag). Dwarf
systems are of particular interest in the study of the effects of the
environment on galaxy evolution since they are fragile objects
easily perturbed just because of their shallow potential well (e.g.
Boselli & Gavazzi 2014).
The paper is structured as follows: in section 2 we describe the
dataset used in this analysis, while in section 3 we explain the
different techniques used to identify Virgo cluster members. The
UV luminosity function is derived in section 4 and analysed in
the framework of galaxy evolution in rich environments in sec-
tion 5.
2. The data
The GUViCS survey has covered the Virgo cluster in the region
between 12h ≤ R.A ≤ 13h and 0o ≤ dec ≤ 20o. In this region the
sky coverage is 94 % (Boselli et al. 2014a) at the depth of the
AIS, where the completeness is 20 magnitude, and 65 % at the
depth of the MIS (21.5 mag)1. Unfortunately, because of a fail-
ure of the FUV detector, this survey has been completed only in
the NUV. The analysis presented in this work will thus be limited
to this band. The number of NUV detected sources in the cov-
ered region is more than 1.2 millions (Voyer et al. 2014). These
are Milky Way stars, nearby galaxies and background sources.
To construct the NUV luminosity function of the Virgo cluster
and of its surrounding regions we have to count the number of
galaxies in a given volume down to a limiting magnitude. For
consistency with our previous works we consider as Virgo mem-
bers those galaxies with a recessional velocity vel ≤ 3500 km
s−1. This limit has been chosen to include all the objects belong-
ing to the different cluster substructures and their surrounding re-
gions (e.g. Boselli et al. 2014a). As limiting magnitude we adopt
NUV=20 mag. Down to this magnitude, the catalogue is 100%
complete over the ∼ 300 deg.2 covered by the survey.
Voyer et al. (2014) provide integrated magnitudes for ex-
tended sources (UV-VES catalogue) included in the widely
known catalogues of nearby galaxies (NGC, UGC, IC, VCC,
...), for a total of 1770 galaxies. These magnitudes have been
extracted with the FUNTOOLS analysis package on DS9 using
manually defined apertures adjusted to fit the full UV profile of
each traget galaxy. The same procedures have been adopted for
all the sources identified as Virgo cluster members using spec-
troscopic redshifts. These procedures are necessary for extended
sources where the automatic GALEX pipeline often does not
recognise the extended nature of the galaxies from the point-
like structure of HII regions, galaxy nuclei or complex high sur-
face brightness features present in star forming systems. For the
other sources, NUV fluxes have been taken from the catalogue
of point-like objects (UV-VPS) of Voyer et al. (2014). Down to
the limiting magnitude of NUV=20 mag this catalogue includes
33026 objects. These are generally faint objects, where the NUV
magnitudes extracted from the pipeline are accurate enough for
the purpose of this work. Indeed, as clearly shown in Boselli
et al. (2011) (Fig. 7), the difference between extended magni-
tudes and those extracted from the standard GALEX pipeline op-
timised for point-like sources is . 0.3 mag whenever NUV & 17
mag. UV magnitudes are corrected for Galactic attenuation us-
ing the Schlegel et al. (1998) map combined with the Fitzpatrick
& Massa (2007) extinction curve. Given the high Galactic lati-
tude of the Virgo cluster, these corrections are low (A(NUV) .
0.4 mag; Boissier et al. 2015).
For all galaxies at the distance of Virgo (vel ≤ 3500 km s−1)
we also extracted 22 µm WISE fluxes necessary for the dust in-
ternal attenuation corrections. These fluxes have been extracted
from the original WISE fits images with the same procedures
used for the UV data, consistently with Boselli et al. (2014a).
1 The coverage is less than 100 % because of the presence of a few
bright young stars which have been expressly avoided during the survey
since saturating the UV detector
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The dust extinction correction is done following the prescription
of Hao et al. (2011). NUV corrected data are used to estimate
the star formation rate in star forming galaxies using again the
prescription of Hao et al. (2011).
Distances are necessary to calculate absolute magnitudes.
For consistency with our previous works, distances are deter-
mined assuming the mean distance of the different cluster sub-
groups (see Table 3 in Boselli et al. 2014a). Galaxies at the pe-
riphery of the cluster are all assumed at 17 Mpc, the distance of
the main body of Virgo.
3. The identification of Virgo members
The construction of the NUV luminosity function needs first the
identification, among the UV detections with NUV ≤ 20 mag, of
all galaxies at the distance of Virgo. This is done using spectro-
scopic redshift whenever available (see sect. 3.1), while photo-
metric relations (sect. 3.2) or statistical considerations otherwise
(sect. 3.3).
3.1. Identification based on spectroscopic data
Voyer et al. (2014) has cross-matched all the UV detections with
the spectroscopic catalogues available on the net (NED2, SDSS
DR93). For these objects the spectroscopic information can be
easily used to identify Virgo members (vel ≤ 3500 km s−1). Out
of the 1770 galaxies listed in the extended source catalogue, 688
galaxies match these criteria. There are, however, 34 extended
galaxies with NUV ≤ 20 mag but without any redshift informa-
tion. Among these, we identify the possible cluster members us-
ing the same procedures adopted for the other galaxies included
in the UV point source catalogue (see below).
As previously mentioned, down to NUV ≤ 20 mag the
majority of the point-like detected objects are not Virgo clus-
ter members but rather Galactic stars and background sources.
Given the poor angular resolution of the GALEX images (∼ 4-5
arcsec), the separation of point-like stars from extended galaxies
requires the use of optical images of better quality. Considering
the typical UV-optical colour magnitude relation of galaxies in
the Virgo cluster (e.g. Boselli et al. 2014a), a cut at NUV =
20 mag roughly corresponds to a cut in the SDSS g band of ∼
19 mag for the blue star forming objects and g ∼ 16 mag for
the quiescent dwarf ellipticals. At this depth the SDSS is com-
plete both in terms of total magnitude and surface brightness
and can thus be used for this purpose. Indeed, out of the 33026
GUViCS point-like sources with NUV ≤ 20 mag, 32277 (98%)
have an optical counterpart in the SDSS (the 749 objects without
a SDSS counterpart are mainly ghosts of saturated stars, HII re-
gions in resolved galaxies, or multiple systems unresolved in the
UV images). About one third of these (7532) are photometrically
identified as galaxies in the SDSS (SDSS phot ObjType=3). We
have cross-matched these 7532 objects with the SDSS DR12
spectroscopic catalogue, with NED, and with eBOSS through
the DR12 SDSS finding chart tool. Spectra are available for 5620
galaxies (75% of the sample). Their optical image on the SDSS
DR12 finding chart revealed, however, that a significant frac-
tion of them are bright stars. Generally saturated, they are ex-
tended on the SDSS image and thus missclassified as galaxies
by the automatic SDSS pipeline. Among the bona fide galaxies
of the UV-VPS catalogue of Voyer et al. (2014) with available
redshift we identify 125 objects with vel ≤ 3500 km s−1. Five
2 https://ned.ipac.caltech.edu/
3 https://www.sdss3.org/dr9/
of these, however, are left out of the sample because their NUV
magnitude determined using our ad-hoc procedures for extended
sources are below the limiting value of NUV = 20 mag. The re-
sulting sample of Virgo cluster members determined using spec-
troscopic data consists thus of 808 galaxies.
3.2. Identification using optical NGVS scaling relations
The identification of Virgo members among those objects with-
out any spectroscopic data is critical in the determination of the
luminosity function. The membership criteria adopted by the
NGVS, fully described in Ferrarese et al. (2015), give the proba-
bility that a galaxy belongs to Virgo according to its location in a
multi-parameter space defined by a combination of galaxy struc-
tural parameters, photometric redshifts (Raichoor et al. 2014),
and an index measuring the strength of residual structures in im-
ages created by subtracting from each galaxy a best fitting Sersic
model. The exact combination of axes in this space was selected
to allow for maximum separation of known (mostly spectroscop-
ically confirmed) Virgo members and background sources, the
latter identified in control fields located at three virial radii from
the cluster centre. The NGVS covers 104 square degrees, and its
entire footprint is mapped by GUViCS. We thus cross-matched
the GUViCS UV-VPS catalogue with the NGVS catalogue of
Virgo members identified using their photometric parameters
and found 10 UV sources identified as Virgo members in the
NGVS. We assume all these objects at a distance of 17 Mpc,
the typical distance of Virgo and of its surrounding regions. The
depth of the NGVS survey, which is 3 mag deeper than the SDSS
in terms of surface brightness sensitivity, guarantees that all UV
detected galaxies down to NUV ≤ 20 mag have an optical coun-
terpart.
3.3. Identification using statistical estimates oustide the
NGVS footprint
The NGVS covers Virgo out to one virial radius, for a total of
104 square degrees. To identify Virgo members in the GUViCS
areas beyond the NGVS boundaries, and in the absence of spec-
troscopic information, we must therefore resort to statistical ar-
guments. In the GUViCS UV-VPS catalogue there are 1884 UV
galaxies without any membership information. We drop those lo-
cated within the NGVS footprint, reducing the sample of objects
with no available membership information to 1155 sources. We
then use three different statistical methods to estimate the num-
ber of potential members among these galaxies.
3.3.1. Statistical correction based on NGVS results
If 10 galaxies with no redshift in the NGVS footprint (104 deg.2)
are identified as Virgo members using criteria adopted by the
NGVS, and the density of galaxies is conserved over the sur-
veyed region, 20 extra objects are expected to be present in the
remaining ∼ 200 deg.2 covered by GUViCS. Since the NGVS
observed the central region of the cluster, where the density is
at its maximum, this number should be considered as an upper
limit.
3.3.2. Statistical correction based on redshift measurements
Out of the 5620 galaxies in the VPS catalogue of Voyer et al.
(2014) with spectra in the 300 deg.2 of the GUViCS survey only
125 have vel ≤ 3500 km s−1. If we assume that the same ratio of
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members/background galaxies is conserved among those objects
without any spectroscopic information (1884), we would thus
expect 42 new members. This number drops to 30 if we limit this
comparison in the region located outside the NGVS footprint
corresponding to the cluster periphery (90/3452).
3.3.3. Statistical correction based on GALEX-SDSS scaling
relations
An alternative method for identifying possible members has
been first proposed by Boselli et al. (2011). For the same rea-
sons given above, cluster galaxies populate different regions in
the optical and UV surface brightness vs. observed magnitude
relations and can thus be discriminated using their photometric
parameters. Unfortunately the relations proposed by Boselli et
al. (2011) are not sufficiently accurate to identify Virgo mem-
bers among quiescent dwarf galaxies such as those located in
the central 12 deg.2 analysed in that work. Here we propose an
alternative technique based on three different scaling relations
(Σ(r) vs. r mag; g − i vs. NUV − g, NUV − i vs. i mag, where
Σ(r) is the mean surface brightness within the half-light radius4)5
which we demonstrate to be fairly efficient at rejecting a signif-
icant number of background objects also among star forming
systems such as those detected in the outer regions of the cluster
(see Fig. 1). Despite their relative low scatter, these relations are
unfortunately not sufficiently accurate for an unambiguous iden-
tification of cluster members and thus need to be combined with
statistical tests.
These scaling relations are determined using either the
Extended Virgo Cluster Catalogue (EVCC, Kim et al. 2014)
or the GUViCS catalogue of galaxies analysed in Boselli et al.
(2014a). The EVCC catalogue has been chosen because it in-
cludes galaxies at the same distance as Virgo (vel ≤ 3000 km
s−1), it has both star forming and quiescent galaxies, and pro-
vides structural parameters comparable to those listed in the
GUViCS point-like catalogue of Voyer et al. (2014). The EVCC
catalogue is used to determine the Σ(r) vs. r apparent magni-
tude relation. Unfortunately the EVCC catalogue does not in-
clude UV magnitudes and thus cannot be used in the g − i vs.
NUV − i colour-colour and the NUV − i vs. i relations. For these
UV based relations we use as comparison sample the one com-
posed of Virgo cluster galaxies analysed in Boselli et al. (2014a).
Galaxies are separated according to their morphological type
(early- from late-type) and atomic gas content. For consistency,
the Virgo cluster sample is limited to NUV ≤ 20 mag.
Figure 1 shows that:
a) a number of sources identified by the standard SDSS pipeline
or by our visual inspection of the SDSS finding charts as galax-
ies are saturated stars. They have r-band surface brightnesses
∼ 5 mag brighter than those of typical galaxies of similar
magnitude, but are rather comparable to those of stars. We
identify as possible members in the Σ(r) vs. r mag plot all
galaxies satisfying the condition Σ(r) > 0.5×r+12.4. We recall
that this criterion is different and less strict than the one used in
Boselli et al. (2014a) (the number of rejected objects is relatively
small). This difference is due to the fact that in the inner 12
deg.2 at faint magnitudes the population of Virgo members is
4 The GUViCS catalogue lists the Petrosian half-light radius, while
the EVCC the Kron half-light radius. We have checked that, for galaxies
belonging to both samples, these radii are consistent.
5 All values are corrected for Galactic extinction. These relations are
also different from those adopted by Ferrarese et al. (2015) based only
on optical data.
strongly dominated by dwarf ellipticals with red colours. Thus
the difference in Σ(r) with background star forming galaxies was
more pronounced than in the present sample, which includes
local star forming systems at the periphery of the cluster.
b) all Virgo cluster members avoid the region above the g − i =
0.6 × (NUV − g) - 0.2 and g − i = 0.23 × (NUV − g) + 0.45
relations in the g − i vs. NUV − g colour-colour diagram. These
regions are populated mainly by background sources.
c) the sharp cut in the NUV − i vs. i colour-magnitude relation
is due to the adopted cut in NUV. This relation, however, shows
that all identified members have observed i magnitudes ≤ 18.
These relations can be combined with a limit on the photo-
metric redshift, accurately determined on these bright sources, to
reject background galaxies. This is done by removing all objects
with zphotNN ≥ 0.1, where NN stands for the Neural Network
(NN) photometric redshift definition (D’Abrusco et al. 2007).
This cut in photometric redshift, which corresponds to the one
adopted by Boselli et al. (2011) for the rejection of background
galaxies in the inner 12 deg.2 of the cluster, has been chosen to
maximise the number of background rejected objects and min-
imise the exclusion of possible members. With this new selec-
tion criteria, the sample of possible members outside the NGVS
footprint drops to 264 objects. The number of spectroscopically
confirmed Virgo galaxies satisfying the same photometric cri-
teria is 75/90 (83.3%), while that of members over background
objects 75/1636 (4.6%). We thus expect that 15 out of the 264
galaxies satisfying the criteria are at the distance of Virgo.
3.3.4. The applied statistical correction
The three statistical methods described above give consistent re-
sults. We thus include 15 extra objects to those already selected
spectroscopically (see sect. 3.1) or using NGVS data (sect. 3.2)
in the determination of the NUV luminosity function. The dis-
tribution of the 264 galaxies selected according to Fig. 1 is used
to make the appropriate statistical correction as a function of the
NUV absolute magnitude in the determination of the NUV lumi-
nosity function (see Fig. 2). These 15 galaxies are all assumed
to be at a distance of 17 Mpc. Obviously the correction is more
important at faint luminosities. Figure 1 also shows that these
statistically added galaxies, all located in the outer regions of
the cluster, have blue colours.
The resulting sample is thus composed of 808 spectroscopi-
cally confirmed sources, 10 objects identified at the distance of
the Virgo cluster using NGVS based scaling relations, and 15
extra objects added for statistical considerations, for a total of
833 galaxies. This indicates that the determination of the NUV
luminosity function is very robust against statistical uncertain-
ties, making the Virgo cluster the ideal target for such studies in
the nearby universe (e.g. Rines & Geller 2008).
3.4. Possible biases
The identification of galaxies through automatic pipelines is first
done on surface brightness criteria. Low surface brightness, ex-
tended systems are hardly detectable even if their integrated
magnitude is above the limiting magnitude requested for the
completeness of the survey. These systems might thus be poten-
tially missed in the GUViCS survey. This effect, however, should
be limited because 65% of the Virgo cluster region has been
mapped at the depth of the GALEX MIS (∼ 1500 sec), where
the completeness limit of 22.7 mag (Morrissey et al. 2007) is
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Fig. 1. The Σ(r) vs. r (upper row), g − i vs. NUV − g (middle row), and NUV − i vs. i (lower row) scaling relations used to
identify Virgo cluster possible members. Left panels: scaling relations of spectroscopically confirmed Virgo members included in
the extended source GUViCS catalogue. The black empty squares indicate the local EVCC galaxies. The red, cyan, and blue empty
circles in the middle and lower panels indicate the early-type and late-type galaxies, these last selected according to their HI-gas
content (HI-def≤ 0.4, blue symbols; HI-def> 0.4, cyan symbols). The black solid lines indicates the limits in the different scaling
relations used to identify possible Virgo cluster members. Central panels: relations drawn when all optically identified galaxies
with NUV < 20 mag from the GUViCS VPS catalogue are included. Stars, plotted only in the central upper panel, are indicated
with a brown open circle. VPS galaxies with vel ≤ 3500 km s−1 are indicated with magenta filled dots, spectroscopically confirmed
background sources with filled yellow triangles, while potential members with photometric redshift ≤ 0.1 with green empty circles.
Right panels: scaling relations of spectroscopically confirmed Virgo members (as in the left panels) with candidate members from
the VPS catalogue selected using the criteria given in sect. 3.3.3 (green empty circles). All these relations are determined using UV
data corrected for Galactic dust attenuation.
significantly deeper than the one adopted in this work. At this
depth low surface brightness features can be detected down to ∼
28.5 mag arcsec−2 (e.g. Boselli et al. 2005b). Furthermore, Voyer
et al. (2014) have systematically checked the UV images of all
the optically selected VCC galaxies. The analysis presented in
Boselli et al. (2011) revealed that most of the UV detected galax-
ies used to construct the UV luminosity function down to NUV
= 21 mag in the central 12 deg.2 of Virgo (1 mag below the UV
limit adopted in this work) have a counterpart in the VCC cat-
alogue. This central region, however, is dominated by quiescent
galaxies with red colours, thus bright in the optical bands if de-
tected in the NUV.
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Fig. 2. The NUV redshift completeness of the GUViCS sam-
ple compared to that of Coma (red open squares; Cortese et al.
2008), A1367 (green filled triangles; Cortese et al. 2005), and
Shapley supercluster (orange filled squares; Haines et al. 2011).
The vertical arrow shows the photometric completeness limit of
the present survey (NUV = -11.45).
None of the three extremely low surface brightness extended
galaxies (Σ(g) ∼ 28 mag arcsec−2) recently discovered by Mihos
et al. (2015) in the core of the Virgo cluster has been detected by
GALEX. Given their total magnitude (g & 17 mag), and the typ-
ical colour of quiescent dwarf ellipticals (NUV−g & 3 mag), we
would expect that their total NUV magnitude is & 20 mag, thus
below the limiting magnitude adopted for the determination of
the UV luminosity function. Less extreme objects such as those
observed in Coma by van Dokkum et al. (2015) and Koda et
al. (2015) are easily detected by the NGVS and are thus con-
sidered in the NUV vs. optical cross-identification. The NGVS
footprint largely overlaps with the VCC region, and has been ob-
served in four photometric bands (ugiz) at a point-source depth
of g ∼ 25.9 mag and a surface brightness limit Σ(g) ∼ 29 mag
arcsec−2 (Ferrarese et al. 2012). This limit in surface brightness
is roughly 4 mag below the one reached by the VCC (Ferrarese et
al. 2012). Among the UV detected galaxies with NUV < 20 mag,
43 objects identified as Virgo members from spectroscopic mea-
surements or using the NGVS scaling relations have an optical
counterpart in the NGVS but not in the VCC. Outside the NGVS
footprint optical data are available from the SDSS. Its sensitiv-
ity in surface brightness is ∼ 26 mag arcsec−2, thus ∼ one mag
better than the VCC. At the depth of the present survey (NUV
< 20 mag) most of the UV detected sources have a counterpart
in the SDSS (98%, see previous section), it is thus likely that
the number of Virgo cluster galaxies without an optical counter-
part missed in the present analysis is low. A rough estimate of
this number can be derived thanks to the NGVS. If the density
of galaxies is conserved all over the GALEX surveyed region,
and if we assume that the sensitivity of the VCC is comparable
to that of the SDSS, we expect to miss 86 galaxies (2 × 43).
Once again this number should be considered as an upper limit
because i) the density of galaxies significantly drops outside the
central regions of the cluster, and ii) the SDSS is ∼ 1 mag in
surface brightness more sensitive than the VCC. Furthermore,
this number is comparable to the number of galaxies statistically
added in the previous section (15). We thus expect that the num-
ber of faint galaxies missed for their low surface brightness in
UV is small compared to the total number of galaxies.
Another possible source of uncertainty is the presence of ex-
tremely compact extragalactic sources erroneously identified as
stars in the SDSS optical images whose typical resolution is of
the order of ∼ 1 arcsec. Typical examples are the ultra compact
dwarf galaxies (UCDs), a population of extragalactic sources
with characteristics in between those of compact elliptical galax-
ies and globular clusters (Hilker et al. 1999; Drinkwater et al.
2000; Zhang et al. 2015). These sources, however, have NUV
apparent magnitudes below the NUV = 20 mag limit because of
their relatively red colours (Boselli et al. 2011) and should not
be counted in the determination of the NUV luminosity function
of Virgo. Blue compact dwarf galaxies (BCD), characterised by
an intense activity of star formation, have angular dimensions of
& 10 arcsec at the distance of Virgo and are thus fully resolved
by the SDSS. They are thus included in the present analysis.
4. The NUV luminosity function
4.1. The NUV luminosity function of the whole cluster
Figure 3 shows the NUV luminosity function of the whole
cluster determined over the 300 deg.2 of the GUViCS survey.
The number of galaxies per bin of absolute NUV magnitude6
are given in Table 1. Given that the virial radius RV of clus-
ter A, the main substructure composing Virgo, is 5.38 degrees
(McLaughlin 1999; Ferrarese et al. 2012, corresponding to 1.60
Mpc at the distance of 17 Mpc), this luminosity function is rep-
resentative of the cluster up to ∼ 1.8 virial radii. For compari-
son with other clusters we recall that the core radius of Virgo
is of 0.45o (130 kpc; Boselli & Gavazzi 2006). We fit the data
with a Schechter function with parameters given in Table 4.
Following Ilbert et al. (2005) we use the MINUIT package of
the CERN library (James & Roos 1995) to minimise the like-
lihood (MIGRAD procedure), to obtain the non-parabolic error
for each parameter (MINOS procedure), and the error contour α
- M∗ (MNCONT procedure). The parameters of the fit are com-
pared to those determined for the central 12 deg.2 of Virgo by
Boselli et al. (2011), for other clusters and for the field in Fig. 4.
The NUV luminosity function of Virgo is well fitted by a
Schechter function with M∗ = -17.56 and α = -1.19. These val-
ues are close to those determined in the central 12 deg.2 by
Boselli et al. (2011), but are significantly different from those
determined in Coma (Cortese et al. 2008, Hammer et al. 2012),
A1367 (Cortese et al. 2005), in the Shapley supercluster (Haines
et al. 2011), or in the field (Wyder et al. 2005). The slope of the
faint end of the NUV luminosity function of Virgo (α = -1.19) is
significantly flatter than the one of Coma, A1367, or the Shapley
supercluster (α -1.5/-1.6) as first noticed by Boselli et al. (2011).
The slope is however comparable to the one determined in the
field (α = -1.16; Wyder et al. 2005). M∗ is ∼ 1 mag fainter than
in Coma, in the Shapley supercluster, and in the field, and 2 mag
fainter than in A1367.
6 Corrected for Galactic attenuation.
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Fig. 3. The NUV luminosity function of the Virgo cluster (filled
dots). The best fit Schechter function (black solid line) is com-
pared to the one determined for the central 12 deg.2. of the clus-
ter by Boselli et al. (2011) at a limiting absolute magnitude of
NUV ≤ -10 (cyan dotted-dashed line) and NUV ≤ -13 (cyan dot-
ted line), and to that of the Coma cluster (red dotted line, from
Cortese et al. 2008), A1367 (green long dashed line, Cortese
et al. 2005), Shapley supercluster (orange dotted-dashed line;
Haines et al. 2011) and the field (blue dashed line, Wyder et al.
2005). The different luminosity functions have been normalised
to ∼ the same number of objects above the completeness limit of
each cluster for a fair comparison. The vertical arrow shows the
completeness limit of the present survey (NUV = -11.45).
4.2. The luminosity function in the different cluster
substructures
The comparison of the properties of the luminosity function de-
termined in different environments, from the cluster periphery to
the densest regions in the core of the cluster, are useful to con-
strain statistically the role played by the environment in shap-
ing galaxy evolution. The determination of the statistical prop-
erties of the different cluster substructures, accreted at different
epochs, is important to understand the role of pre-processing in
the transformation occurring in cluster galaxies.
4.2.1. Cluster A vs. periphery
Thanks to the large number of objects we can determine the
NUV luminosity function separately for the core of the cluster
and for its periphery. Consistently with Boselli et al. (2014a), we
select galaxies within cluster A as those objects with vel < 3500
km s−1 and with an angular distance from M87 < 2.692o, corre-
sponding to half its virial radius. The periphery is composed by
all galaxies with vel < 3500 km s−1 and an angular distance from
M87 > 6.1o (> 1.1 virial radii from the main body of the cluster).
The NUV luminosity functions of cluster A and of the cluster
Fig. 4. Comparison of the parameters obtained after fitting a
Schechter function to the NUV luminosity function of the Virgo
cluster (black open circle), compared to those determined in
Coma over 25 Mpco 2 (red empty square, Cortese et al. 2008)
or in its SW infalling region (red filled square, Hammer et al.
2012), in A1367 (green filled triangle, Cortese et al. 2005), in the
Shapley supercluster (orange filled square, Haines et al. 2011),
and the field (blue asterisk, Wyder et al. 2005). Contours indicate
1 σ probability distribution of the two correlated parameters.
periphery, whose values are given in Table 2, are fitted with a
Schechter function and compared in Fig. 5, while the fitted pa-
rameters are given in Table 4. The fitted parameters for cluster A
and for the periphery are compared to those determined for the
whole cluster and for other clusters in Fig. 4.
Figures 4 and 5 and Table 4 show that the NUV luminosity
function, as in Coma (Cortese et al. 2008), does not significantly
change from the core of cluster A to the cluster periphery outside
& 1.1 Rvir.
4.2.2. The other cluster substructures
The luminosity function of the main body of the cluster (cluster
A) determined within half of the virial radius Rvir, and that of
the cluster periphery (& 1.1 Rvir) can also be compared to those
determined for the other cluster substructures. This can be done
only for cluster B and W cloud, which have a sufficient number
of objects. To increase the statistics in the remaining substruc-
tures, we combine their data according to the general properties
of their members as determined in Boselli et al. (2014a). We
thus combine cluster C and W’ cloud, which are dominated by
quiescent objects, while the M cloud with the low velocity cloud
(LVC) which, on the contrary, are mainly composed of star form-
ing systems. The comparison of the different NUV luminosity
functions is shown in the lower panel of Fig. 5 and in Fig. ??,
while the fitted parameters are given in Table 4. Despite the poor
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statistics, the comparison of the different luminosity functions
suggests that these substructures have a flatter slope at the faint
end than cluster A or the field. These trends, however, should be
confirmed on stronger statistical basis.
4.3. The luminosity function as a function of morphological
type
The sample can also be cut in different subclasses according to
the morphological type of galaxies. This can be done either us-
ing the accurate morphological classification given in the VCC
(Binggeli et al. 1985) or in the EVCC (Kim et al. 2014), or
using the colour of galaxies as done in Boselli et al. (2014a).
Consistently with our previous work we select galaxies belong-
ing to the red sequence, the green valley, and the blue cloud ac-
cording to their location in the Mstar vs. NUV − i diagram us-
ing the same selection criteria given in Boselli et al. (2014a). We
prefer to select galaxies according to a quantitative colour-stellar
mass relation rather than to a subjective morphology classifica-
tion mainly because of the physical interpretation of this diagram
in the framework of galaxy transformation in high-density envi-
ronments (see Boselli et al. 2014a for details).
Figure ?? shows the NUV luminosity function of the whole
cluster separately for galaxies belonging to the red sequence, the
green valley, and the blue cloud. The values are given in Table
1, while the parameters of the best fitted Schechter functions are
given in Table 4 and compared in Fig. ??. Figures ?? and ??,
and Tables 1 and 4, consistently indicate that at the bright end
the NUV luminosity function of the Virgo cluster is dominated
by late-type galaxies (the difference in M∗ between blue and red
galaxies is of ∼ 1 mag), while the increasing number of galaxies
at the faint end is mainly due to the red quiescent galaxy pop-
ulation, as already found in other clusters (Cortese et al. 2005,
2008). Indeed the slope of the early-type red galaxies (α = -1.37)
is significantly steeper than the one of the star forming systems
within the blue cloud (α = -0.94).
The comparison between the different morphological classes
can also be done separately for galaxies located within cluster A
and at the periphery of the cluster (Fig. 9; Table 1). The limited
number of galaxies prevents an accurate determination of the
parameters of the Schechter function for early-type galaxies in
the periphery of the cluster.
Despite a significant decrease of the total number of objects,
the shape of the NUV luminosity function of red galaxies does
not change significantly between cluster A and the periphery.
A Kolmogorov-Smirnov test indicates that the probability that
the cluster A and the cluster periphery early-type galaxy dis-
tributions are driven by the same parent distribution is 11%.
Important variations are instead observed in the NUV luminos-
ity function of blue galaxies. Evident is the change in the slope
at faint luminosities, from α = -1.10 in the outskirts of the clus-
ter to α = -0.76 in the core of cluster A. In the cluster periphery
the NUV luminosity function is dominated by blue galaxies at
all luminosities (notice that the value of α = -1.10 determined
for this category of objects is very close to the one derived in the
field by Wyder et al. (2005)), while in the core of the cluster is
dominated by the steep rise of red early-type dwarf galaxies be-
low NUV > -14 mag (α = -1.25). This result does not necessary
contradicts what found in the Coma cluster, i.e. that the shape
of the NUV luminosity function of early- and late-type galax-
ies does not change in the clustercentric distance range 0.5o <
R < 2o (Cortese et al. 2008). Indeed, once considered in terms
of virial radii, this range (0.3 < R/RVir < 1.2) does not match
with the one considered in this analysis (cluster A: R/RVir < 0.5;
cluster periphery: R/RVir > 1.1).
4.4. The star formation rate
The UV emission of star forming systems is due to young and
massive stars whose life on the main sequence is relatively short.
If the star formation activity of galaxies is fairly constant over
timescales as long as the typical age of the emitting stars (sta-
tionarity conditions), UV luminosities corrected for dust attenu-
ation can be converted into star formation rates (e.g. Kennicutt
1998, Boselli et al. 2009; Boquien et al. 2014). The constant
of transformation can be determined using different popula-
tion synthesis models, and depends on the assumed IMF and
metallicity (e.g. Boselli 2011). The NUV emission of late-type
galaxies is principally due to stars with a typical age of ∼ 150
Myr (Boissier 2013). These timescales are comparable to the
timescales for the observed variations in the star formation ac-
tivity of cluster galaxies. Indeed, in these objects the interac-
tion with the hostile cluster environment is able to remove, on
relatively short timescales (∼ 100-700 Myr, Boselli et al. 2006,
2008a; Tonnesen & Bryan 2009), a large fraction of the atomic
and molecular gas content (Fumagalli et al. 2009; Boselli et al.
2014b) quenching the activity of star formation. This process is
particularly efficient in dwarf systems, where the shallow poten-
tial well of the galaxies cannot keep the gas reservoir anchored
to the disc even in the central regions. The stationarity condi-
tions required for transforming NUV luminosities into star for-
mation rate are thus not necessarily satisfied. For comparison
with other works and keeping in mind this caveat, however, we
can try to convert the NUV luminosities corrected for dust atten-
uation (see sect. 2) into S FR. Because of the reason mentioned
above (quenching of the star formation activity of cluster galax-
ies), using NUV data we expect to overestimate the present day
star formation activity of cluster galaxies, in particular in low
luminosity objects.
Figure ?? shows the distribution of the star formation rate
determined for late-type galaxies in the Virgo cluster region.
This distribution has been determined for galaxies in the blue se-
quence only (upper panel), or for all star forming galaxies (blue
sequence and green valley; lower panel) separately for objects
situated within cluster A and at the periphery of the cluster. We
do not consider here red quiescent galaxies, where the UV emis-
sion can be due to evolved stars (e.g. O’Connel 1999; Boselli
et al. 2005b). The SFR luminosity distribution of both the blue
sequence and of all the star forming galaxies at the periphery of
the Virgo cluster is similar to the one determined for the field
using SDSS and GAMA data (Gunawardhana et al. 2013). It is,
however, significantly steeper than the one determined for galax-
ies located within cluster A, consistent with what shown in Fig.
9. These distributions are fitted with a Schechter function whose
parameters are given in Table 6.
5. Discussion
The origins of the differences observed with other clusters and
with the field (sect. 4.1) might be several, as already discussed
in Boselli et al. (2011). They include:
a) A different sampling in absolute magnitude for the different
clusters and the field. The limiting magnitude in Coma, A1367,
and Shapley is only NUV ≤ -14.5 vs. ≃ -11.5 in Virgo. If we
limit the comparison with these clusters down to the limiting
magnitude of NUV ≤ -14.5 mag, however, we do not observe
any significant change in the slope α of the Schechter function
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Fig. 9. Upper panels: the NUV luminosity function of galaxies in the Virgo cluster periphery (left, filled dots) and in the core of
cluster A (right, empty squares). Red symbols are for galaxies belonging to the red sequence, green symbols for galaxies in the
green valley, and blue symbols for galaxies in the blue cloud. Lower panels: the NUV luminosity function of cluster A (empty
squares) and cluster periphery (filled dots) galaxies in the blue (left) and red (right) sequences. The red and blue lines give the the
best fit Schechter functions derived for the different samples. The different luminosity functions have been normalised to ∼ the same
number of objects.
in Virgo. Given the degeneracy between the Schechter parame-
ters α and M∗ it is difficult to establish whether the position of
the knee of the Schechter function is significantly different in
the various clusters and in the field or is just due to their steeper
slope at the faint end. We recall, however, that clusters such as
Coma and A1367 contain a number of gas-rich late-type sys-
tems characterised by a strong activity of star formation proba-
bly induced by their interaction with the surrounding intracluster
medium (Iglesias-Paramo et al. 2004). These galaxies have been
first discovered by Bothun & Dressler (1986) in the Coma clus-
ter, and are typical of unrelaxed clusters such as A1367. Typical
examples are the galaxy CGCG 97-73, 97-79, and 97-87 at the
north west periphery of the cluster (Gavazzi et al. 2001). Similar
objects are apparently lacking in Virgo as revealed by the com-
plete Hα narrow band imaging survey of the cluster (Koopmann
et al. 2001; Boselli & Gavazzi 2002; Boselli et al. 2002; Gavazzi
et al. 2006).
b) Boselli et al. (2011) invoked a possible bias in the determi-
nation of the UV luminosity function in the central 12 deg.2 of
Virgo because of the lack of bright galaxies in their sample. The
region analysed in this work is ∼ 25 times larger and the number
of objects has increased by a factor of ∼ 8 with respect to that
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work, making our determination of the NUV luminosity func-
tion robust.
c) Possible radial effects in the galaxy distribution. The Coma
cluster NUV luminosity function of Cortese et al. (2008) has
been determined over an area of 25 Mpc2 but avoiding the core
of the cluster because of the presence of bright stars saturating
the detector. On the contrary the NUV luminosity function of
A1367 is limited to the central ∼ 2 Mpc2, corresponding to ∼
0.37 RV . The properties of the fitted Schechter functions of these
two clusters, however, are very similar, as depicted in Figs. 3 and
4. If limited to the infalling region in the south west of Coma,
where UV data are available for galaxies down to NUV = -10.5,
Hammer et al. (2012) determined a slope α = -1.39, slightly flat-
ter than the one determined by Cortese et al. (2008) in the outer
regions but still significantly steeper than the one determined in
this work. Furthermore, we have shown that the shape of the fit-
ted Schechter function does not change significantly from the
core to the periphery of the cluster, corroborating the idea that
radial effects are not important.
d) The determination of the slope of the UV luminosity function
at the faint end strongly depends on poorly constrained statisti-
cal corrections in clusters other than Virgo (e.g. Rines & Geller
2008; see Fig 2). At the limiting observed magnitude of 21 mag
in the NUV used by Cortese et al. (2008) not all galaxies have
an optical counterpart necessary for the star-galaxy identifica-
tion on the SDSS (Voyer et al. 2014). In the Coma cluster and in
the Shapley supercluster the completeness in redshift is present
only down to NUV = -17, and drops to . 20% at the limiting
absolute mag of NUV = -14 (Fig. 2). In Hammer et al. (2012)
the UV selected galaxies (NUV ≤ 24.5 mag) must have a SDSS
optical counterpart with r ≤ 21.2 mag. With this condition all
star forming objects are automatically excluded by the sample.
Although we cannot exclude real differences in the luminosity
distribution of galaxies within these clusters, which are known to
be characterised by different intrinsic properties (relaxation state
and presence of substructures, spiral fraction, density of the intr-
acluster medium and X-ray properties), it is conceivable that part
of the observed differences results from the uncertain statistical
corrections required in clusters more distant than Virgo.
The NUV luminosity function determined in this work can
also be compared to those obtained at other frequencies in the
Virgo cluster. As summarised in Boselli & Gavazzi (2014),
these are now available only in optical bands (Sandage et al.
1985, photographic B-band; Trentham & Hodgkin 2002, B-
band; Rines & Geller 2008, r-band; Lieder et al. (2012), V- and
I-bands). We can compare our results to those obtained by Rines
& Geller (2008) in the r-band within 1 Mpc from M87 since
their sampled region fairly corresponds to the cluster A defini-
tion adopted in this work (< 0.8 Mpc). Furthermore both works
use membership criteria based on spectroscopic redshifts and are
thus only marginally affected by statistical corrections. The fit
with a Schechter function done by Rines & Geller (2008) gives
M∗R = -21.32 and α = -1.28. Considering a typical NUV − r
colour of ∼ 5.5, 4.5, and 3.5 mag for massive red sequence, green
valley, and blue cloud galaxies as derived from the NUV − i
colour-magnitude relation of Boselli et al. (2014a) and the typi-
cal r− i colours of nearby galaxies (Fukujita et al. 1995), we can
tentatively transform the NUV luminosity function of cluster A
given in Table 4 in a r-band luminosity function. We thus expect
that the derived r-band luminosity function is dominated by the
early-type galaxy population with M∗r and α values close to those
obtained by Rines & Geller (2008). We recall, however, that this
is a very crude approximation since i) the colour of galaxies is
luminosity-dependent and ii) the r- and NUV-bands are sensitive
to very different stellar populations thus selection effects should
be important.
The variations of the NUV luminosity function with mor-
phological type and cluster location can be analysed in the
framework of galaxy evolution in high-density environments
(see Boselli & Gavazzi 2006, 2014 for a review). The fact that
the NUV luminosity function does not change significantly
in terms of faint end slope going from the cluster core (≤ 0.5
Rvir) to the outskirts (& 1.1 Rvir) and to the field, suggests that
whatever perturbing mechanism is acting on low luminosity
galaxies entering the cluster, this does not change their number
per unit NUV luminosity. The interpretation of this observa-
tional result, however, is not straightforward since the different
environmental processes can modify in a complex way both the
number of objects and the luminosity of the perturbed galaxies.
As a first indication we would be tempted to exclude for Virgo
the combined effect of dwarf tidal disruption in the core of the
cluster and galaxy harassment invoked by Popesso et al. (2006),
Barkhouse et al. (2007), and de Filippis et al. (2011) to explain
the observed flattening in the core and the steepening in the
periphery in the optical luminosity function of nearby clusters.
Indeed, we do not observe in Virgo any radial variations of the
luminosity function both in the NUV and in the r-band (Rines &
Geller 2008). On the contrary, our results seem consistent with
a mild transformation of star forming systems into quiescent
dwarf elliptical galaxies after a rapid ram pressure stripping
event as first proposed by Boselli et al. (2008a,b). Because of
their shallow potential well low luminosity star forming galax-
ies easily lose their gas because of ram pressure stripping and
quench their activity of star formation on timescales of . 1 Gyr.
This happens at the periphery of the cluster once they encounter
the intergalactic medium trapped within the potential of the
cluster. Because this timescale is relatively short compared
to the crossing time of the cluster (∼ 1.7 Gyr), these newly
accreted galaxies are already red when they reach the cluster
core (Boselli et al. 2014a). This effect is consistent with the
observed reversed shape of the NUV luminosity function of red
and blue galaxies in the cluster core and at the periphery (Fig.9).
It is also consistent with the spectrophotometric, structural
(Boselli et al. 2008a,b), and kinematic (Toloba et al. 2009, 2011,
2012, 2015) properties of Virgo cluster dwarf elliptical galaxies,
as extensively reviewed in Boselli & Gavazzi (2014).
The perturbations induced by the cluster environment on the
star formation activity of galaxies are obviously more efficient
in low-mass systems than in massive spirals. In massive objects
the steep potential well can retain some gas in the inner regions
producing radially truncated discs as in the case of NGC 4569
(Boselli et al. 2006). The timescale necessary for the total abla-
tion of the atomic and molecular gas here is longer than in dwarfs
as indicated both by observations and hydrodynamic simulations
(Roediger & Bruggen 2007, Tonnesen & Bryan 2009, Hughes &
Cortese 2009, Cortese & Hughes 2009, Fumagalli et al. 2009,
Gavazzi et al. 2013a,b, Boselli et al. 2014a,b). The observed
increasing difference with decreasing star formation rate in the
S FR luminosity function of the Virgo cluster shown in Fig. ??
is a further statistical evidence of this phenomenon.
6. Conclusion
We have determined the properties of the NUV luminosity func-
tion of the Virgo cluster over∼ 300 deg.2 (∼ up to 1.8 virial radii)
thanks to the GUViCS survey using a complete sample of ∼ 833
galaxies, out of which 808 identified as Virgo members using
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spectroscopic data and 10 with optical scaling relations, down to
the 100% completeness limit of NUV = -11.5. The results of
this analysis can be summarised as follows:
1) The NUV luminosity function can be represented by a
Schechter function with M∗ = -17.56 and α = -1.19. M∗ is ∼ 1-2
mag fainter and the slope significantly flatter than the one found
in other clusters. M∗ is only ∼ 0.8 mag fainter and α compara-
ble to those determined in the field. The difference with other
clusters is probably due to the quite uncertain statistical correc-
tion necessary to identify members in clusters at distances higher
than Virgo.
2) The NUV luminosity function of galaxies of different mor-
phological type as determined according to their position within
the NUV− i vs. Mstar relation is significantly different. Late-type
galaxies belonging to the blue sequence dominate the bright end
of the luminosity function, while their faint end is very flat α =
-0.94). On the contrary, early-type galaxies belonging to the red
sequence dominate the faint end (α = -1.37) of the total NUV
luminosity function below NUV ≃ -13 mag.
3) The overall properties of the NUV luminosity function de-
termined within 0.5 virial radii of cluster A, the main structure
of Virgo, and in the cluster periphery, outside ∼ 1.1 virial radii,
are comparable. In the outskirts of the cluster the NUV luminos-
ity function is comparable to the one determined in the field by
Wyder et al. (2005). Here it is dominated down to NUV ≃ -11.5
by blue galaxies, with a mild rise at faint luminosities (α=-1.10).
In the cluster core red quiescent galaxies dominate for NUV &
-15 mag (α = -1.25), while the number of star forming systems
significantly drops (α = -0.76). These observed properties of the
NUV luminosity function are consistent with a rapid transfor-
mation of star forming galaxies recently entered in the cluster
environment after a ram-pressure stripping event.
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Fig. 5. Upper panel: the NUV luminosity function of Virgo clus-
ter A (magenta empty squares) and of the cluster periphery (cyan
filled dots) are compared to the one determined over the 104o 2
sampled by the VCC and the NGVS survey (black filled trian-
gles). The best fit Schechter functions are shown by the magenta
dotted, cyan long dashed, and black dotted lines, respectively.
The vertical arrow shows the limit of completeness of the lumi-
nosity function. Lower panel: the same cluster A and periphery
luminosity functions are compared to those determined for clus-
ter B (grey empty stars), W cloud (brown filled triangles), M
plus Low Velocity Clouds (dark green empty stars), and cluster
C plus W’ cloud (orange empty hexagons). The vertical arrows
show the different limits of completeness for the different clus-
ter substructures: 17 Mpc for cluster A, cluster C, LVC, and the
cluster periphery, 23 Mpc for cluster B and W’ cloud, 32 Mpc
for W and M clouds.
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Table 1. The NUV luminosity function.
NUV All Blue Green Red
-20 - - - -
-19 5 5 - -
-18 14 14 - -
-17 59 48 2 9
-16 68 45 13 10
-15 127 69 18 40
-14 156 72 36 48
-13 196 70 47 79
-12 204 49 53 102
Note: number of objects
Table 2. The NUV luminosity function in the different cluster substructures.
NUV Cluster A Cluster B W cloud C + W’ M + LVC Periphery
-20 - - - - - -
-19 - 1 - - - 1
-18 2 - - - - 4
-17 13 5 1 3 2 12
-16 9 10 - 4 4 21
-15 25 6 7 7 6 36
-14 26 10 12 4 9 46
-13 34 13 19 8 14 62
-12 38 11 14 6 6 63
Note: number of objects
Table 3. The NUV luminosity function: cluster A vs. periphery
NUV Cluster A red Cluster A green Cluster A blue Periphery red Periphery green Periphery blue
-20 - - - - - -
-19 - - - - - 1
-18 - - 2 - - 4
-17 3 2 8 2 - 10
-16 2 1 6 - 5 16
-15 12 6 7 6 1 29
-14 12 6 8 6 8 32
-13 22 7 5 9 12 41
-12 26 8 4 17 14 32
Note: number of objects
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Table 4. The best fitting parameters for the NUV luminosity function.
Sample α M∗ φ∗
Full sample −1.19+0.03
−0.03 −17.56
+0.23
−0.24 88.40
+16.33
−14.71
Red sequence −1.37+0.12
−0.10 −16.57
+0.70
−0.98 24.93
+20.59
−13.35
Green valley −1.21+0.10
−0.10 −16.11
+0.40
−0.42 27.74
+11.88
−9.42
Blue cloud −0.94+0.05
−0.05 −17.51
+0.25
−0.25 85.24
+15.40
−14.11
Late-type −1.07+0.04
−0.04 −17.54
+0.24
−0.25 85.58
+15.93
−14.42
Cluster A −1.22+0.08
−0.08 −17.49
+0.50
−0.58 14.14
+6.37
−5.19
Cluster periphery −1.22+0.07
−0.07 −17.41
+0.47
−0.48 25.51
+10.45
−8.03
Cluster A red sequence −1.25+0.24
−0.28 −15.70
+0.73
−2.79 12.92
+13.27
−12.92
Cluster A green valley −0.92+0.39
−0.51 −15.23
+0.72
−0.91 10.81
+9.62
−9.56
Cluster A blue could −0.76+0.16
−0.15 −17.29
+0.50
−0.64 14.62
+6.20
−5.45
Cluster A late-type −0.99+0.11
−0.11 −17.41
+0.50
−0.62 14.13
+6.11
−5.26
Cluster periphery red sequence −1.45+0.21
−0.16 −23.97
+7.25
−14.82 0.12
+4.46
−0.12
Cluster periphery green valley −0.71+0.55
−0.51 −13.64
+0.58
−0.79 28.82
+15.14
−17.29
Cluster periphery blue cloud −1.10+0.09
−0.08 −17.32
+0.56
−0.55 24.99
+11.06
−8.22
Cluster periphery late-type −1.15+0.08
−0.07 −17.27
+0.50
−0.53 27.13
+11.51
−8.83
Cluster B −1.12+0.11
−0.11 −18.41
+0.94
−0.92 6.54
+4.05
−3.11
W cloud −1.09+0.72
−0.17 −15.94
+2.13
−0.77 12.77
+36.81
−6.37
Cluster C + W’ cloud −1.05+0.24
−0.19 −17.71
+1.38
−2.36 5.28
+6.10
−4.91
M cloud + LVC −0.93+0.24
−0.19 −16.22
+0.97
−1.05 11.61
+8.95
−5.91
NGVS footprinta −1.18+0.04
−0.04 −17.50
+0.26
−0.27 58.78
+13.01
−11.66
NGVS footprinta red sequence −1.36+0.15
−0.12 −16.31
+0.77
−1.07 21.57
+20.91
−12.58
NGVS footprinta late-type −0.98+0.06
−0.06 −17.36
+0.26
−0.28 64.92
+13.60
−12.50
Note: a = 1 virial radius from M87 and M49.
Table 5. The SFR luminosity function.
log SFR Cluster A blue+green Periphery blue+green Cluster A blue Periphery blue
-2.5 12 68 4 51
-2.0 17 52 10 41
-1.5 15 44 7 39
-1.0 6 24 1 21
-0.5 10 17 9 13
0 7 11 6 9
0.5 4 4 4 4
1.0 0 1 0 1
Note: number of objects
Table 6. The best fitting parameters for the SFR luminosity function.
Sample α logS FR∗ φ∗
Cluster periphery, blue cloud −1.26+0.05
−0.05 0.64
+0.27
−0.31 8.82
+4.66
−3.09
Cluster periphery, all star forming −1.28+0.05
−0.04 0.60
+0.25
−0.27 10.26
+4.96
−3.47
Cluster A, all star forming −1.11+0.08
−0.08 0.83
+0.64
−0.43 6.58
+4.09
−5.07




